Introduction {#Sec1}
============

The presence of prompt muons in the final state is a distinctive signature for many physics processes studied in collisions of high energy protons at the LHC. These studies, which led to the discovery of the Higgs boson \[[@CR1], [@CR2]\], include measurements of its properties, searches for new phenomena, as well as measurements of Standard Model processes, such as the production of electroweak bosons and top quarks. Therefore, a high-performance muon trigger is essential. In parallel, a good simulation of trigger performance is necessary.
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, thresholds in the presence of high background conditions. The ATLAS design deploys a three-level, multi-pronged strategy with,custom trigger electronics at Level-1,dedicated fast algorithms to reconstruct muons and estimate their parameters at Level-2,novel techniques to retain high efficiency at the event-filter while utilising offline tracking algorithms.The Level-2 and event-filter together are called the High Level Trigger. In order to address a wide variety of physics topics, ATLAS has developed a suite of triggers designed to select muons. The single-muon trigger with $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ multi-muon triggers are used with a special configuration that allows a high efficiency also for non-prompt muons.[1](#Fn1){ref-type="fn"}
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Muon trigger {#Sec2}
============

ATLAS detector {#Sec3}
--------------

The ATLAS detector is a multi-purpose particle physics apparatus with a forward--backward symmetric cylindrical geometry and near $\documentclass[12pt]{minimal}
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Muon spectrometer {#Sec4}
-----------------

The muon spectrometer is based on three large air-core superconducting toroidal magnet systems (two endcaps and one barrel) providing an average magnetic field of approximately 0.5 T. Figure [1](#Fig1){ref-type="fig"} shows a quarter-section of the muon system in a plane containing the beam axis.

In the central region, the detectors comprise a barrel that is arranged in three concentric cylindrical shells around the beam axis. In the endcap region, muon chambers form large wheels, perpendicular to the $\documentclass[12pt]{minimal}
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                \begin{document}$$z$$\end{document}$-axis. Several detector technologies are utilised to provide both precision tracking and triggering.

The deflection of the muon trajectory in the magnetic field is detected using hits in three layers of precision monitored drift tube (MDT) chambers for $\documentclass[12pt]{minimal}
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                \begin{document}$$2.0 < |\eta |< 2.7$$\end{document}$, two layers of MDT chambers in combination with one layer of cathode strip chambers (CSCs) are used. Muons are independently measured in the inner detector and in the muon spectrometer. Three layers of resistive plate chambers (RPCs) in the barrel region ($\documentclass[12pt]{minimal}
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                \begin{document}$$1.05 < |\eta |< 2.4$$\end{document}$) provide the Level-1 muon trigger.Fig. 1A schematic picture showing a quarter-section of the muon system in a plane containing the beam axis, with monitored drift tube (MDT) and cathode strip (CSC) chambers for momentum determination and resistive plate (RPC) and thin gap (TGC) chambers for triggering

Level-1 muon trigger {#Sec5}
--------------------

Muons are identified at Level-1 by the spatial and temporal coincidence of hits either in the RPCs or TGCs pointing to the beam interaction region \[[@CR3], [@CR4]\]. The Level-1 triggers generated by hits in the RPC require a coincidence of hits in the three layers for the highest three $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ thresholds, and a coincidence of hits in two of the three layers for the rest of thresholds. The Level-1 triggers generated by hits in the TGC require a coincidence of hits in the three layers, except for limited areas in the lowest threshold.

The degree of deviation from the hit pattern expected for a muon with infinite momentum is used to estimate the $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ of the muon with six possible thresholds. The number of muon candidates passing each threshold is used in the conditions for the global Level-1 trigger. Following a global trigger, the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ thresholds and the corresponding detector regions, region of interest (RoIs), are then sent to the Level-2 and event-filter for further consideration \[[@CR3], [@CR4]\]. The typical dimensions of the RoIs are $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta = 0$$\end{document}$ (to provide space for services of the inner detector and calorimeters), the feet and rib support structures of the ATLAS detector and two small elevator shafts in the bottom part of the spectrometer.

Level-2 muon trigger {#Sec6}
--------------------

The RoI provided by Level-1 enables Level-2 to select the region of the muon detector in which the interesting features reside, therefore reducing the amount of data to be transferred and processed \[[@CR4]\]. At Level-2, a track is constructed by adding the data from the MDT chambers to get a more precise estimate of the track parameters, leading to the Level-2 stand-alone-muon \[[@CR5]\]. To achieve the needed resolution in sufficiently short time, the $\documentclass[12pt]{minimal}
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Event-filter muon trigger {#Sec7}
-------------------------

Muons in the event-filter are found by two different procedures. The first focuses on RoIs defined by the Level-1 and Level-2 steps described above and is referred to as the RoI-based method. The second procedure searches the full detector without using the information from the previous levels and is referred to as the full-scan method.

In the RoI-based method, muon candidates are first formed by using the muon detectors (called event-filter stand-alone-muons), and are subsequently combined with inner detector tracks leading to event-filter combined-muons. If no combined-muon is formed, muon candidates are searched for by extrapolating inner detector tracks to the muon detectors. If there are corresponding track segments, combined-muons are formed. Additionally, the degree of isolation for the combined-muon is quantified by summing the $\documentclass[12pt]{minimal}
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The full-scan procedure is used in the event-filter to find additional muons that are not found by the RoI-based method. In the full-scan, muon candidates are first sought in the whole of the muon detectors, and then inner detector tracks are reconstructed in the whole of the inner detectors. Combined pairs of these inner detector and muon detector tracks form muon candidates called event-filter full-scan-muons.

Trigger selection criteria {#Sec8}
--------------------------

The trigger system is configured to use a large set of selection criteria for each event. Each criterion consists of sequential selections at Level-1, Level-2 and the event-filter, and is referred to as trigger in this paper for simplicity. An event has to satisfy at least one of the triggers in order to be recorded.

Table [1](#Tab1){ref-type="table"} shows the Level-1 thresholds and the muon triggers discussed in this paper. For all trigger levels, the naming scheme typically follows a convention whereby the number that follows "mu" denotes the transverse momentum threshold and the letters, or combination of letters, characterize the muon type \[isolated (i), stand alone (SA), found by full scan (FS)\] and/or its origin.

The Level-1 thresholds were optimised to give an efficiency at the designated threshold that is typically 95 % of the maximum efficiency achieved well above the threshold.Table 1Level-1 $\documentclass[12pt]{minimal}
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The triggers described in Table [1](#Tab1){ref-type="table"} were designed to be as inclusive as possible.

The mu24i trigger is designed to collect isolated muons with $\documentclass[12pt]{minimal}
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The mu24i, mu36 and mu40_SA_barrel triggers were used without prescale[4](#Fn4){ref-type="fn"} for the 2012 data taking.

The 2mu13 trigger requires two or more muon candidates, each of which passes the single-muon trigger mu13. The mu18_mu8_FS trigger requires at least one muon candidate which passes the single-muon trigger mu18, and subsequently employs the full-scan algorithm at the event-filter to find two or more muon candidates with $\documentclass[12pt]{minimal}
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Operation in the 2012 data taking {#Sec9}
---------------------------------

The typical maximum Level-1 rate was 70 kHz. The event acceptance was reduced at the event-filter which had an output rate of 700 Hz on average (with peaks of about 1 kHz). Of these rates, the single isolated muon trigger mu24i was fired at about 8.5 kHz at Level-1 and at about 65 Hz at the event-filter for an instantaneous luminosity of $\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$. Figure [2](#Fig2){ref-type="fig"} shows the rates of the single- and multi-muon triggers as a function of the instantaneous luminosity, separately for the Level-1 and for the event-filter.Fig. 2Trigger rates as a function of instantaneous luminosity **a** for selected muon triggers at Level-1 and **b** for selected single- and multi-muon triggers at the event-filter as denoted in the legend (see Table [1](#Tab1){ref-type="table"} for details)

They are well described by a linear fit with an approximately zero intercept. This indicates a negligible contribution from effects not related to $\documentclass[12pt]{minimal}
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                \begin{document}$$pp$$\end{document}$ collisions. Typically the trigger rates were reduced by one to two orders of magnitude at Level-2 and by a factor of a few at the event-filter for the single and dimuon triggers. For example the rates were reduced by a factor of 28 at Level-2 (with respect to Level-1) and by a factor of 4.6 at the event-filter (with respect to Level-2) for the mu24i trigger. For the 2mu13 trigger, the rates were reduced by a factor of 71 at Level-2 and by a factor of 1.2 at the event-filter.

During data taking, the performance of the muon trigger was monitored in two stages. For quick online checks during data taking, the coverage in $\documentclass[12pt]{minimal}
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Data samples and event selection {#Sec10}
================================

Several methods are used to measure the muon trigger performance. This section describes the selection requirements used to define the samples needed for the various methods.

Methods to measure trigger performance {#Sec11}
--------------------------------------

The tag-and-probe method relies on a pair of muons. If one muon has caused the trigger to record the event (called the tag-muon), the other muon serves as a probe (called the probe-muon) to measure the trigger performance without any bias. This method was applied to dimuon decays of $\documentclass[12pt]{minimal}
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Data and Monte Carlo samples {#Sec12}
----------------------------

Data were considered if recorded under stable beam conditions and with all relevant sub-detector systems fully operational.

The trigger performance observed in the data is compared with the ATLAS Monte Carlo (MC) simulation, which is the same as used for physics analysis. The generated samples were then processed through a simulation of the ATLAS detector based on [Geant4]{.smallcaps} \[[@CR6], [@CR7]\]. The environmental backgrounds due to radiation were not simulated. The simulated events are overlaid with additional minimum-bias events generated with [Pythia 8]{.smallcaps} \[[@CR8]\] to account for the effect of pile-up interactions.
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Offline reconstruction {#Sec13}
----------------------

The offline reconstructed muons are obtained by matching tracks found in the muon spectrometer with those in the inner detector \[[@CR13]\]. Muons are required to pass various cuts to ensure a high quality inner detector track and to be in a fiducial region of $\documentclass[12pt]{minimal}
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Hadronically decaying taus are reconstructed using clusters in the electromagnetic and hadronic calorimeter  \[[@CR3]\]. A Boosted Decision Tree tau identification method is used to select candiates with a 55--60 % efficiency. Tau candidates are required to have a charge $\documentclass[12pt]{minimal}
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Photons are identified by electromagnetic cluster of energy deposits in the calorimeter similar to electron identification  \[[@CR20]\]. In the case of photons, isolated electromagnetic clusters without matching tracks are classified as unconverted photon candidates. Clusters matched to a pair of tracks that are consistent with the hypothesis of a $\documentclass[12pt]{minimal}
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In this paper, reconstructed objects (using algorithms applied after the event is recorded) are distinguished from trigger objects (formed either at Level-1, Level-2, or the event-filter during the fast online reconstruction of the event).
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The probe-muon is matched to a trigger object if it lies within a distance $\documentclass[12pt]{minimal}
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The fact that these two dedicated triggers were used to select $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ candidates implies that the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ mesons are boosted and therefore the spacial distance between the two muons from the decays is small. To ensure correct one-to-one matching between trigger and offline muons, the distance between them is gauged by the separation of the impact points of the tracks at the locations of the RPC and TGC detectors after extrapolation based on the refitted inner detector track parameters. If one of the two muons has $\documentclass[12pt]{minimal}
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Trigger purity {#Sec17}
==============

The trigger purity is defined as the fraction of muon triggers that can be associated to an offline muon. The $\documentclass[12pt]{minimal}
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                \begin{document}$$Z$$\end{document}$ production were evaluated by using MC simulations with their predicted cross sections. Multi-jet production, where one or more jets produce a muon from the decay of a heavy quark or from a pion or kaon decay in flight, also contribute to this rate. The multi-jet contribution was evaluated in a data-driven approach as described below.
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ threshold but without isolation requirement.[6](#Fn6){ref-type="fn"} The control-region is defined by inverting the trigger isolation criteria, by requiring at least one jet in an event, and by requiring matching to an offline muon to remove the fake contribution. The multi-jet contribution in the signal region is estimated by the following procedure. The fraction of multi-jet events in the signal region is taken from dijet MC simulation. The total normalization for the multi-jet contribution is then evaluated in the control-region. The contribution to the signal region is then taken as the total estimated multi-jet contribution weighed by the signal fraction from simulation. The uncertainty of this estimation is dominated by the statistical uncertainty in the control-region/signal-region transfer factors from MC simulation, and is shown in Fig. [4](#Fig4){ref-type="fig"}b. The rate was evaluated as a function of the $\documentclass[12pt]{minimal}
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Resolution {#Sec18}
==========

The tag-and-probe method applied to $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ determination at the event-filter, compared to the offline reconstruction. The online algorithms are nearly identical to the offline versions but have some simplifications in the pattern recognition because of timing constraints. Additionally, the offline reconstruction uses updated calibration and alignment corrections not available at the time the data was recorded. Therefore, finite difference can be expected even when the event-filter combined muon is compared with the offline muon that is also reconstructed by combining the inner detector and muon detectors.
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\delta _{p_\mathrm{{T}}}$$\end{document}$ distribution. Figure [5](#Fig5){ref-type="fig"} shows the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ resolution differences, as a function of the offline muon $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, of the event-filter stand-alone and event-filter combined muons in the barrel and endcap regions. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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The resolution differences of the $\documentclass[12pt]{minimal}
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=====================================================================

In the next several sections, measurements of the efficiency of the muon trigger in different kinematic regions are presented, preceded by a discussion of systematic uncertainties. The efficiency is primarily measured as a function of muon $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ bins, and compared to the simulated one. To more accurately model data, all ATLAS physics analysis which use events selected with the muon trigger are provided with the ratios of measured to simulated efficiencies to make small corrections to the simulated samples.

Systematic uncertainty {#Sec20}
----------------------

In the following, sources of systematic uncertainty are discussed and the quoted uncertainty values are presented for the efficiency measured in the region of $\documentclass[12pt]{minimal}
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                \begin{document}$$25 < p_\mathrm{{T}}< 100$$\end{document}$ GeV.Dependence on pile-up interactions: the efficiency was measured as a function of the number of reconstructed vertices, Nvtx, separately for data and MC simulation, as shown in Fig. [7](#Fig7){ref-type="fig"}. The efficiency is largely independent of the number of pile-up interactions. Separate linear fits to the data and MC simulation were performed in the range from Nvtx $\documentclass[12pt]{minimal}
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                \begin{document}$$=$$\end{document}$ 50. The dependence on the fit range was observed to be negligible. The largest difference observed between the fits in data and MC simulation were observed to be 0.1 (0.5) % in the barrel (endcap). This difference is taken as an estimate of the systematic uncertainty due to the presence of pile-up interactions.Correlation between tag- and probe-muons from $\documentclass[12pt]{minimal}
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                \begin{document}$$_\mathrm{{vtx}}$$\end{document}$ in **a** the barrel region, and in **b** the endcap region, for data (*dots*) and MC simulation (*bands*). The *lower panels* show the ratio of the efficiencies in data and in MC simulation. The *error bars* reflect statistical uncertainties only

The individual systematic uncertainties are added in quadrature to obtain the total systematic uncertainty, resulting in 0.6 % for the efficiency measured in the region of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$25 < p_\mathrm{{T}}< 100$$\end{document}$ GeV.

Single-muon triggers: mu24i, mu36 {#Sec21}
---------------------------------

Requiring events to pass either the mu24i or the mu36 trigger serves as a general-purpose single-muon triggers for many physics analyses. Figure [8](#Fig8){ref-type="fig"} shows the efficiency to pass either the mu24i or the mu36 trigger as determined in the barrel and endcap regions. The efficiency was measured as a function of the $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, for **a** the barrel region and **b** the endcap region, for data (*dots*) and MC simulation (*bands*). The *lower panels* show the ratio of the data and MC efficiencies. The *error bars* include both statistical and systematic uncertainties

The efficiency curve turns on sharply around the threshold, reaching a plateau already around $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ of the low edge of the plateau region is defined such that the efficiency decreases by 1 % from the plateau valueDataMCTriggerPlateau value (%)Low edge (GeV)Plateau value (%)Low edge (GeV)Either mu24i or mu36   Barrel70.124.370.324.0   Endcap85.624.885.324.7

Figure [9](#Fig9){ref-type="fig"} shows the efficiency of requiring to pass either mu24i or mu36 triggers, as measured separately for the three trigger levels, Level-1, Level-2 and event-filter. The trigger selection becomes tighter and the efficiency turn-on becomes sharper as the trigger level increases. The plateau efficiency is mostly determined by Level-1. The high level trigger efficiency with respect to Level-1 is about 98--99 %.Fig. 9Efficiency of passing either the mu24i or mu36 trigger as functions of the probe-muon transverse momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, for the three trigger levels, Level-1, Level-2 and event-filter, in the data for **a** the barrel region and **b** the endcap region. The *error bars* show the statistical uncertainties only

Figure [10](#Fig10){ref-type="fig"} shows the ratio of the data and MC efficiencies to pass either the mu24i or the mu36 trigger, as determined in bins of $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ are fine enough to reflect the hardware segmentation of the Level-1 detectors but coarse enough to have sufficient statistics in each bin. The typical size of the statistical uncertainty is less than 1 %, except for a few specific areas where the uncertainty is about 3 %.Fig. 10Ratio of the data and MC efficiencies to pass either the mu24i or the mu36 trigger, in bins of the probe-muon $\documentclass[12pt]{minimal}
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Other single-muon triggers {#Sec22}
--------------------------

Figure [11](#Fig11){ref-type="fig"} shows the efficiencies of the mu36 trigger and of the mu40_SA_barrel trigger, together with that of mu24i trigger, as measured in data. The turn-on behaviour of mu24i and mu36 are sharp, while it is slower at threshold for mu40_SA_barrel. The latter relies only on the information from the muon detectors, and thus the $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ resolution is coarser (see Sect. [5](#Sec18){ref-type="sec"}). On the other hand, the requirement to pass either mu36 or mu40_SA_barrel results in about 2 % higher efficiency in the barrel region than achieved when requiring mu36 only, because mu40_SA_barrel does not require an inner detector track match. Therefore, requiring that either the mu36 or mu40_SA_barrel triggers are passed serves as a primary single-muon trigger for any processes that include muons with $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}\gtrsim 50$$\end{document}$ GeV.Fig. 11Efficiency of single-muon triggers, mu13, mu18, mu24i, mu36 and mu40_SA_barrel, measured in data as a function of the probe-muon transverse momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, for **a** the barrel region and **b** the endcap region. The *error bars* indicate statistical uncertainties only

Figure [11](#Fig11){ref-type="fig"} also shows the efficiencies of the medium-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, single-muon triggers, mu13 and mu18. The plateau efficiency of mu13 is about 6 % higher in the barrel region than that of mu18 and other higher-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ triggers like mu24i. This is because mu13 is seeded from Level-1 MU10, which requires a two-station coincidence, while mu18 and the others are seeded from Level-1 MU15 which requires a three-station coincidence (see Sect. [2.3](#Sec5){ref-type="sec"}).

A fit using a Fermi function was performed to quantify the turn-on behaviour of these medium-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ values for mu13 and mu18. It is seen that the offline cut of muon $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}> 15 (20)$$\end{document}$ GeV is sufficient to ensure the mu13 (mu18) trigger efficiency is described by the plateau value. These middle-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ triggers are used in various triggers, such as dimuon triggers 2mu13 and mu18_mu8_FS. The efficiencies of the single-muon triggers, mu13 and mu18, are necessary ingredients to calculate the dimuon trigger efficiencies.Table 3Result of Fermi function fit to the efficiency turn-on curve for the middle-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ of the low edge of the plateau region is defined such that the efficiency decreases by 1 % from the plateau valueDataMCTriggerPlateau value (%)Low edge (GeV)Plateau value (%)Low edge (GeV)mu13   Barrel75.813.775.012.8   Endcap86.413.686.113.4mu18   Barrel70.118.270.418.1   Endcap85.718.785.418.4

Full-scan-muon trigger {#Sec23}
----------------------

As described in Sect. [2.6](#Sec8){ref-type="sec"}, the mu18_mu8_FS trigger is split into the RoI-based single-muon trigger, mu18, and the full-scan triggers of mu18_FS and mu8_FS. The full-scan trigger efficiencies were evaluated using the same method and sources of systematic uncertainties as for the single-muon trigger (see Sect. [6.1](#Sec20){ref-type="sec"}). Only two sources of systematic uncertainties resulted in visible changes in the efficiency, while all others lead to negligible changes.Dependence on $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$. This resulted in a 0.2 % effect in the barrel and a 0.5 % effect in the endcap region.Dependence on pile-up interactions: as shown in Fig. [12](#Fig12){ref-type="fig"}, the efficiency has a small dependence on the number of pileup events in the end cap region, with about 1.0 % efficiency loss per 20 vertices. The MC simulation reproduces the effect well. This is accounted for by changing the distribution of the average number of pile-up interactions, resulting in a 0.1 % uncertainty.Fig. 12Efficiency of the mu8_FS trigger measured as a function of the reconstructed number of vertices in an event, N$\documentclass[12pt]{minimal}
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                \begin{document}$$_\mathrm{{vtx}}$$\end{document}$ in **a** the barrel region and **b** the endcap region, in the data (*dots*) and in the MC simulation (*bands*) The *lower panels* show the ratio of efficiencies of data and MC simulation. The *error bars* represent statistical uncertainties only

The resulting uncertainties were added in quadrature to form the total systematic uncertainty.Fig. 13Efficiency of the event-filter full-scan mu8_FS as a function of the probe-muon transverse momentum $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$, separately in **a** the barrel region and **b** the endcap region

Figure [13](#Fig13){ref-type="fig"} shows the data and MC efficiencies for the mu8_FS trigger for the barrel and endcap regions. The efficiency plateaus for the barrel and endcap regions are 98.7 and 97.6 %, respectively. This results in a higher efficiency for the dimuon trigger than achieved by requiring two RoI-based single-muon triggers.

The ratio of the efficiencies in data and MC is shown as a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{T}$$\end{document}$ 10 GeV. It is consistent with unity to within 2 % except in two bins where the difference is as large as 5 %.Fig. 14Ratio of the data and MC efficiencies for the mu8_FS trigger in bins of the probe-muon pseudorapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$, in **a** the barrel region and **b** the endcap region
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$J/\psi $$\end{document}$ meson decays.

A MC study shows that the efficiency is slightly dependent on the measured $\documentclass[12pt]{minimal}
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In the following, sources of systematic uncertainty are discussed and the quoted uncertainty values are presented for the efficiency measured using the $\documentclass[12pt]{minimal}
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Figure [17](#Fig17){ref-type="fig"} shows the efficiencies measured using top quark and $\documentclass[12pt]{minimal}
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Also shown in Fig. [17](#Fig17){ref-type="fig"} are the ratios of the efficiencies in the data and MC simulation for the three samples used for the efficiency determination. The three measurements are in good agreement with each other throughout a large $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ range, providing a consistency check of the efficiency measurement in different physics processes with different experimental techniques and in the presence of different backgrounds.

The efficiency in the end cap is seen to drop off slightly at the highest $\documentclass[12pt]{minimal}
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                \begin{document}$$\approx 1000$$\end{document}$ GeV) there is a slight loss of efficiency at the event-filter when combining the muon spectrometer and inner detector track. While the offline algorithm looks for large energy deposits in the calorimeter which arise from bremsstrahlung, the event-filter algorithm always uses a parameterised energy loss for a minimum ionising particle. Without correction, this can cause a mismatch in the momentum estimate in the inner detector and muon spectrometer causing the combination to fail. This occurs in the end cap where kinematically, for fixed $\documentclass[12pt]{minimal}
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Conclusions {#Sec32}
===========

The ATLAS muon trigger has been successfully adapted to the challenging environment at the LHC such that stable and highly efficient data taking was achieved in the year 2012. The transverse momentum threshold for the single-muon trigger was kept at 24 GeV, with a well-controlled trigger rate of typically about 8.5 kHz at the Level-1 and 65 Hz at the event-filter. The processing times of the Level-2 and event-filter muon trigger algorithms were sufficiently short to fit within the computing resource limitations. The purity of the trigger is about 90 % at the event-filter, and more than half of the triggers originate from electroweak bosons production. The efficiencies are measured extensively with the proton--proton collision data at a centre-of-mass energy of 8 TeV. The systematic uncertainty in the measured efficiency for the single-muon trigger is evaluated to be about 0.6 % in a kinematic region of $\documentclass[12pt]{minimal}
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Non-prompt muons are muons which originate from the decay of a secondary particle rather than coming directly from the primary $\documentclass[12pt]{minimal}
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Unless otherwise stated CP conjugate states are always implied.

ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ being the azimuthal angle around the beam pipe. The pseudorapidity is defined in terms of the polar angle $\documentclass[12pt]{minimal}
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The term prescale means that only one in N events passing the trigger is accepted at that trigger level, where N is an integer definite number called the prescale factor. At Level-1 every Nth event is accepted. At the high level trigger a random number generator is utilised such that one out of every N events is accepted.
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This trigger was active but with a prescale factor of 10.
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